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代替传统的 FFT 变换作为接收端高精度窄带鉴频算法的方案，并给出了采用
TMS320VC5416 DSP 作为核心硬件实现的 4FSK-FH 实时鉴频解调系统。 
本文的特点在于： 



































The 21st century is the century of the ocean. The special natural 
environment of ocean decides that human activity in development and 
exploration of marine resources has close relations with underwater 
communication technology. Underwater wireless communication is of 
extremely important military and civil significance on civil defence , 
surveillance of marine environment, marine research exploration, marine 
fishery and exploration of submarine minerals. Because at present acoustic 
is the most efficient information carrier both in mid-range and long-range 
underwater wireless communication, underwater acoustic communication 
has become the most efficient technical method in underwater wireless 
communication. However, the validity and reliability of underwater acoustic 
communication faces a great challenge because of the natural variability in 
time, space , frequency and other characteristics of underwater acoustic 
channel, such as strong noise, much-limited bandwidth, much-extended 
propagation latency, severe multi-path effect and so on. Especially, the 
signal amplitude fading and intersymbol interference caused by random 
fluctuation and multi-path effect, have become the largest barrier restricting 
the development of underwater acoustic communication technology. 
 
For the moment, FH technology employing frequency diversity 
technology is relatively steady and efficient anti-multipath technology in 
shallow water acoustic communication. Designing of FH pattern, 
demodulation at the receiving end and frequency discrimination are the key 
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characteristics of shallow water acoustic channel and the emphases and 
difficulties of underwater FH technology, this paper puts forward and 
realizes DSP-based underwater acoustic communication emitting system 
and FH receiving frequency discrimination system. 
 
This paper mainly refers to the following work: 
1. briefly introduce the research progress and status of underwater 
acoustic communication at home and abroad; roundly analyze the 
physical characteristics of shallow water acoustic communication 
channel, the mechanics of multi-path effect and various anti-multipath 
measures; represent the principle and features of FH communication 
and the designing methods of FH pattern in FH communication at 
present. 
2. on the basis of the above-mentioned and according to the parameter 
demand of 4FSK-FH underwater acoustic communication system, 
employ TMS320VC5416 DSP as the core hardware of the whole 
system, make use of software program to complete the design of FH 
signal source at the emitting end and realize it eventually. 
3. analyze the demodulation methods and the merits and drawbacks of 
underwater acoustic FH communication, according to the 
characteristics of shallow water acoustic channel, such as narrow 
bandwidth, and small frequency interval, put forward a scheme that 
uses Chirp-Z transform in high-accuracy narrow bandwidth frequency 
discrimination at the receiving end in stead of traditional FFT transform, 















demodulation system with the core hardware of TMS320VC5416 DSP. 
 
The features of this paper are as follows: 
1. employ TMS320VC5416 DSP as the core hardware of the system, and 
use software program to realize the designing of FH pattern, 
demodulation and frequency discrimination in stead of some hardware. 
2. according to the characteristics of shallow sea acoustic channel, such 
as narrow bandwidth and small frequency interval, put forward a narrow 
bandwidth frequency discrimination algorithm, i.e. Chirp-Z transform, to 
realize the demodulation and frequency discrimination at the receiving 
end, consequently greatly improve the frequency resolution factor and 
save the frequency band resource of underwater acoustic channel. 
 
This paper proves that the FH signal source designed by us has lots of 
merits, such as high speed, high resolution factor, steady and revisable, by 
experimenting in lab pool. Besides the above-mentioned characteristics, 
when the bandwidth is between 10kHz and 18kHz, by contrast with 
traditional FFT frequency discrimination system, this demodulation system 
can save about 40% of the frequency band resource, gain precise 
frequency discrimination results and basically achieve expectant research 
goal. 
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Underwater Vehicle , AUV) [4-5-6]间的实时通信，不仅是简单的点对点的通信，
而是要扩展成一个网络体系。在这方面 具代表性的是自主式水文网络采集
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